Abstract
Rationale: Intensive care unit (ICU) patients undergo several diagnostic and therapeutic procedures every day. The prevalence, intensity, and risk factors of pain related to these procedures are not well known.
Objectives: To assess self-reported procedural pain intensity versus baseline pain, examine pain intensity differences across procedures, and identify risk factors for procedural pain intensity.
Methods: Prospective, cross-sectional, multicenter, multinational study of pain intensity associated with 12 procedures. Data were obtained from 3,851 patients who underwent 4,812 procedures in 192 ICUs in 28 countries.
Measurements and Main Results: Pain intensity on a 0-10 numeric rating scale increased significantly from baseline pain during all procedures (P , 0.001). Chest tube removal, wound drain removal, and arterial line insertion were the three most painful procedures, with median pain scores of 5 (3-7), 4.5 (2-7), and 4 (2-6), respectively. By multivariate analysis, risk factors independently associated with greater procedural pain intensity were the specific procedure; opioid administration specifically for the procedure; preprocedural pain intensity; preprocedural pain distress; intensity of the worst pain on the same day, before the procedure; and procedure not performed by a nurse. A significant ICU effect was observed, with no visible effect of country because of its absorption by the ICU effect. Some of the risk factors became nonsignificant when each procedure was examined separately.
Conclusions: Knowledge of risk factors for greater procedural pain intensity identified in this study may help clinicians select interventions that are needed to minimize procedural pain. Clinical trial registered with www.clinicaltrials.gov (NCT 01070082).
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At a Glance Commentary
Scientific Knowledge on the Subject: Most intensive care unit patients undergo several procedures during their stay. No comprehensive data are available on the prevalence, intensity, and risk factors of procedural pain in intensive care unit patients.
What This Study Adds to the Field: All 12 procedures studied significantly increased pain intensity from baseline. Risk factors for higher procedural pain intensity were the specific procedure; higher preprocedural pain intensity and distress; higher "worst pain" intensity before the procedure; and opioid administration specifically to control procedural pain. Knowledge of pain intensities associated with specific procedures and of risk factors for higher pain intensity may help clinicians select interventions that are needed to minimize procedural pain.
Pain management has been identified as a fundamental human right (1) . Yet, despite significant advances in pain control after the gate control theory of pain was introduced in 1965 (2), patients continue to experience pain. Effective control of acute pain can improve clinical outcomes (3), providing an impetus to identifying and treating various causes of acute pain.
Pain in intensive care unit (ICU) patients has received considerable attention in the last 20 years. Unrelieved pain has long been identified as one of the greatest concerns for ICU patients (4), can cause insufficient sleep (5), and is one of the main sources of psychological stress for ICU patients (6) (7) (8) (9) (10) (11) (12) . Pain associated with stress can persist after hospital discharge (11, 13) , adding to a long-term psychological burden on patients.
Pain is a multidimensional phenomenon with physical and emotional components. Pain intensity reflects the physical component of pain and pain distress the emotional component (14) . Procedural pain is defined here as pain associated with nonsurgical procedures, such as chest tube removal (CTR) or wound care. Although the adverse effects of procedural pain have not received sufficient research attention, it stands to reason that procedural pain, as a type of acute pain (15, 16) , can be a threat to tissue integrity, initiating a series of psychological, physiologic, and inflammatory stress responses. Indeed, procedural pain in ICU patients has been identified as a negative physiologic (17) and psychological stressor (18) .
The Thunder Project II reported in 2001 is the largest study to date of procedural pain in ICU patients and provides major insight into the magnitude, intensity, and behavioral indices of procedural pain (18, 19) . However, the findings may not be current, because ICU clinicians have directed increasing attention to the physical and emotional comfort of patients in recent years (20) (21) (22) . Our objective was to assess the prevalence, intensity, and determinants of procedural pain in adult ICU patients. We believed that doing so could establish the significance of its impact on ICU patients, thus providing a framework for future efforts toward identifying short-and longterm adverse consequences and preventive strategies. Thus, we conducted a prospective cross-sectional study of procedural pain in a large number of ICUs in 28 countries.
Methods Study Design and Population
A prospective, cross-sectional, multicenter, multinational design was used to assess the characteristics and determinants of pain associated with 12 procedures commonly performed in ICUs. The study, named Europain®, received support from the European Society of Intensive Care Medicine (ESICM). ESICM ethics section members and other ICU researchers who had participated in previous international studies (e.g., Conflicus [23] ) were invited to participate as national coordinators (NCs), and additional NCs were recruited by the core study investigators (E.A., A.M., and K.A.P.). Local ICU coordinators were recruited by NCs, via announcements on the ESICM webpage, and at 2010 critical care conferences in Brussels, Belgium and Barcelona, Spain. One or more physicians or nurses working in the study ICUs in each of the countries volunteered to be ICU coordinators.
Patients were eligible if they were 18 years of age or older, able to speak English or the primary language of the country where they were admitted, met institutional review board (IRB) requirements, and were to undergo at least one of the study procedures as part of their standard care. Exclusion criteria were marked clinical instability, treatment with neuromuscular blockers, any condition associated with altered pain perception (e.g., Guillain-Barré syndrome), any condition likely to interfere with behavioral assessments of pain (e.g., decerebrate posturing), and/or a definitive or probable diagnosis of delirium by the ICU clinician.
Ethics and Consent
Ethics committee approval for the study was obtained at the study coordinating center in Paris and at the home institution of the principal investigator (K.A.P.). IRB approval that met local legislation criteria, including patient consent requirements, was mandatory for study participation in all ICUs. Failure to obtain this approval (n = 9 countries) or withdrawal after IRB approval (n = 2 countries) left 28 of an original 39 countries remaining in the study (Figure 1 ).
Data Collection
The main study investigators (E.A., A.M., and K.A.P.) developed the data collection packet in the English language. The packet was sent to NCs in Israel, Dutch-speaking Belgium, and Greece for feedback, which was used to clarify the packet contents. The packet was then translated into 12 different languages by bilingual professionals in various countries and back-translated by 12 other bilingual translators according to the Brislin model for instrument translation for cross-cultural research (24, 25) . English language was used in the remaining countries.
To ensure standardization of data collection, the study investigators presented the project to NCs and ICU coordinators attending the 2009 annual ESICM meeting. Feedback from the NCs was used to improve the data collection protocol. The data collection packet was then emailed to the NCs, who were asked about questions or concerns. In addition, a blog was created for training and communication purposes (http://europain.chu-stlouis.fr). Finally, the main study investigators were available to answer questions from NCs about data collection methods.
Measures
Pain intensity was measured using a 0-10 numeric rating scale (NRS), with higher numbers indicating greater pain intensity. This measure is widely used to assess pain intensity and has construct (26, 27) and concurrent validity (26, 28) . Before the procedure, patients were asked, "what number would you give the worst pain you have had today, using this scale, where 0 = no pain and 10 = worst possible pain"? Before the procedure, they were also asked the following question: "How intense is your pain right now, on this scale, where 0 means no pain and 10 the worst possible pain"? Immediately after the procedure, patients were asked, "how intense was your pain during the procedure, on this scale where 0 = no pain and 10 = worst possible pain"? Pain distress was measured using a 0-10 NRS, with higher numbers indicating greater distress. Before the procedure, patients were asked the following question: "How distressful (or bothersome) is your pain right now, on this scale, where 0 means no distress and 10 means severe distress"? Immediately after the procedure, patients were asked, "how distressful [or bothersome] was your pain during the procedure, on this scale where 0 = no distress and 10 = very distressing"? Pain behaviors were also recorded before and during the procedure (data not shown).
Protocol
The ICU coordinators selected the procedures to be studied in their ICUs from a predefined list on the basis of their usual practices in their own ICUs (see Table E1 in the online supplement for the list of procedures and definitions). Patients could be enrolled for one procedure or for two procedures performed on the same day or two consecutive days, but not at the same time. Table E2 outlines the data collection protocol. Two data collectors were present for each procedure; the person performing the procedure could not be a data collector. To allow an assessment of interrater reliability, the two data collectors observed the patient and procedure separately. Pain intensity and distress were assessed before and immediately after the procedure, with the latter being measures of procedural pain.
Data were collected between April 1, 2011 and January 1, 2012. The ICU coordinators sent all completed data collection packets to the study center in Paris, where the data were entered into a database. One study coordinator entered the data and another audited the entries. In addition, a dedicated research assistant audited 8% of the entire database. Finally, when the data were received by the statistics center in Grenoble, France, an SAS program (SAS Institute, Cary, NC) was built to detect inconsistencies in the final database, which were then resolved by returning to the original raw data. The database was locked in January 2012.
Statistical Analyses
Results are expressed as numbers (%) for categorical variables and medians (interquartile range for continuous variables, unless stated otherwise). The primary outcome measure for this report was procedural pain intensity on a 0-10 NRS and was studied using negative binomial regression in a hierarchical model with ICU and country as random effects. A multivariate model adjusting for potential confounding factors was built. Variables associated with P values less than 0.20 by univariate analysis were entered into the multivariate model and kept if the P value was less than 0.05. Adjusted relative risks and 95% confidence intervals were calculated for each parameter estimate. P values less than 0.05 were considered significant. Analyses were computed using the SAS 9.3 software package (SAS Institute).
To avoid creating an additional level in the final hierarchical model, a single observation per procedure was used. For NRS values, this observation was the mean of the values recorded by the two data collectors. For binary variables, when data from one observer were missing, the data from the other observer were used.
Concordance between the two observers for pain scores was excellent (kappa .0.90).
Results
A total of 192 ICUs in 28 countries participated in the study. Of the 5,107 procedures in 4,080 ICU patients observed for the study, 4,812 procedures (94%) in 3,851 patients were evaluable (Figure 1 ). The number of procedures per country ranged from 15 in China to 864 in France (see Figure E1 for the list of countries and number of patients enrolled per country and Table E3 for characteristics of ICUs). The number of procedures on patients unable to report pain intensity (n = 1,303) or pain distress (n = 1,340) before the procedure, or pain intensity (n = 1,290) or pain distress (n = 1,322) immediately after the procedure, were not taken into account in comparisons. Table 1 lists the main patient characteristics. Among the 3,851 patients, 1,392 (37.4%) received mechanical ventilation during the procedure. Of all patients, 2,467 (65.1%) were able to speak or otherwise communicate. Median Sequential Organ Failure Assessment (SOFA) score at admission was 3 (2-6) and median Richmond Agitation Sedation Score on the procedure day was 0 (21 to 0). The ICU mortality rate was 10%. The most common procedure was turning (n = 873) and the least common was wound drain removal (n = 75) ( Table 2 ). In general, patients reported mild preprocedural pain intensity (i.e., NRS scores of 1-4) (29), and experienced a significant increase in pain intensity during the procedure (P , 0.001) for all procedures.
Pain intensity varied significantly across procedures (Table 2) . CTR, wound drain removal, and arterial line insertion were the three most painful procedures, with median procedural pain scores of 5 (3-7), 4.5 (2-7), and 4 (2-6), respectively. Mobilization was the least painful procedure, with a median procedural pain score of 2 (0-5).
Univariate analyses identified several risk factors for higher procedural pain intensity, when random effects of country and ICU were accounted for (see Table E4 ). By multivariate analysis, all factors in the model were independently associated with higher procedural pain intensity. Factors associated with greater pain intensity were the specific procedure, use of opioids specifically for the procedure, higher preprocedural pain intensity, higher preprocedural pain distress, higher intensity of worst pain on the day of the procedure, and procedure not performed by a nurse (Table 3) . A significant ICU effect was found, with no detectable country effect because of absorption by the ICU effect. Table E5 presents 
Discussion
To our knowledge, this is the largest multinational study documenting the prevalence, intensity, and risk factors of procedural pain intensity experienced by adult ICU patients. Most patients had mild pain (NRS scores, 1-4) (29) before the procedure, indicating an improvement over a previous report of baseline resting pain in a smaller sample of ICU patients (30) . Nevertheless, all procedures induced a significant increase in pain, although no procedure caused severe pain (mean NRS score = 7-10) (29) . For the three most painful procedures (CTR, wound drain removal, and arterial line insertion) pain intensity more than doubled during the procedure compared with the preprocedural level. Procedural pain was not significantly associated with patientrelated variables (e.g., age, sex, or comorbid conditions, such as anxiety and chronic pain). However, several risk factors for higher procedural pain were identified.
The most painful procedure was CTR. This higher degree of pain is in keeping with previous reports (31-33), although CTR pain intensity was lower in our study. Previously, CTR was associated with a mean NRS pain intensity score of 7.7 (31). Opioids have proved effective in minimizing pain associated with CTR (34, 35) , as has ketorolac, a nonsteroidal antiinflammatory agent. In fact, when equianalgesic doses of morphine or ketorolac were administered at time to peak effect during CTR, both were effective in minimizing pain (36) . Because CTR is usually a scheduled procedure, pain prevention by opioid administration or nonopioid agents, such as ketorolac, should be possible in most patients. Pain caused by wound drain removal, the second most painful procedure, has been effectively reduced by preventive local lidocaine injection (37) . Severe pain during arterial line insertion has been reported by adults in wards (38) and ICUs (39) , and arterial line insertion was the most frequently reported unpleasant experience by 48% of 100 ICU patients (4). Our patients reported less intense pain during this procedure. Reasons for this finding of lower pain intensity are unknown. We categorized procedures involving moving the patients as turning, respiratory exercises, positioning, or mobilization. We found that each caused mild pain (NRS score, 3-4) (29) . These findings are encouraging, especially considering the increasing use of early mobilization in ICU patients. Although early mobilization has been reported to decrease deconditioning, improve functional status, and decrease ICU and hospital stay lengths (40, 41) , pain resulting from early mobilization has received little attention. Recently, however, a quality-improvement project was conducted to reduce severe pain and stressrelated events while moving ICU patients during bathing, massage, sheet change, and repositioning (35) . The incidence of severe pain and serious adverse events during patient movement decreased significantly after a change in analgesic ordering practice patterns occurred across the quality improvement project. Although patients in our study reported only mild pain with mobilization, this finding may not apply to all patients and all ICUs. Therefore, pain must be assessed objectively in each patient because lower pain can improve functional status, such as greater mobility (16) .
We identified several risk factors for higher procedural pain intensity, including the specific procedure. Compared with mobilization, the risk of increased pain intensity was 20-67% greater with turning, arterial line insertion, peripheral blood draw, intravenous line insertion, endotracheal tube suctioning, CTR, and wound drain removal. Among these procedures, endotracheal tube suctioning is the only one likely to be performed on an emergency basis. When a procedure is not emergent, analgesics can be used for pain prevention. Using nonpharmacologic approaches, such as talking to the patient in a soothing manner, providing information about what is being done, and having family members present, may also provide support to the patient during procedures (42) . However, the strength of existing research on nonpharmacologic approaches for procedural pain is limited (16) .
When considering all procedures together, there were several risk factors for increased procedural pain intensity: use of opioids specifically for the procedure, higher preprocedural pain intensity, higher preprocedural pain distress, higher intensity of worst pain on the day of the procedure, and procedure not performed by a nurse. Higher pain intensity and higher pain distress before the procedure were associated with a high risk of increased pain during the procedure. In addition, patients who reported "worst pain" during the day of the procedure also experienced higher procedural pain. These findings make it all the more important that baseline and preprocedural pain be assessed. However, Payen and colleagues (43) found that pain assessments before ICU procedures were performed only 35% of the time. Validated and reliable self-assessment (44) and pain behavior (45, 46) tools are available for use in patients with and without communication capabilities, respectively. Because procedural pain seems to be affected by baseline pain, further research efforts are needed to validate the effectiveness of a standardized preprocedural pain assessment and an algorithmic approach to administration of a preprocedure analgesic according to pain assessment findings. The preprocedural pain assessment should include that of the patient's current pain intensity, pain distress, and the degree of "worst pain" that day before the procedure. This research step could prove the clinical utility of preprocedural pain assessment and a preemptive analgesic intervention on prevention of procedural pain.
An additional risk factor for higher procedural pain intensity was opioid administration specifically for the procedure. That is, the patients who received opioids reported increased procedural pain intensity, suggesting the following possibilities: (1) the amount of opioid received may not have been sufficient for the procedure, (2) opioids may have not been timed to peak effect in relation to time of the procedure, (3) opioids may have been given to patients who experienced more pain during previous procedures, (4) opioids may be a surrogate marker of more "sensitive" patients, and (5) opioids may have been used more often during the more painful procedures. These possibilities deserve future consideration. Nevertheless, in a previous study, a higher proportion of patients reporting pain before a procedure received an opioid for the procedure compared with patients reporting no pain (47) . However, only 17-50% of patients received preemptive opioids in that study (47) . Given the evidence that many procedures are painful and that many patients are already in a painful state, increased attention to preprocedural pain assessment and sufficient preventive analgesic therapy is in order. This can be done while taking into consideration potential adverse effects of analgesic therapies and instituting measures to avoid them. The influence of these risk factors did not depend on level of acuity because conducting the analyses on two groups (those below the median SOFA score of 3.5 and those equal to or above the median SOFA score) elicited the same results. However, the influence of these risk factors on increasing procedural pain intensity did vary according to each procedure. When considering procedures with samples greater than 400 (i.e., turning, endotracheal tube suctioning, mobilization, and respiratory exercises), the following observations can be made. Higher pain intensity and/or higher pain distress before the procedure continued to be associated with a high risk of increased pain during those specific procedures. In addition, patients undergoing those procedures who reported "worst pain" during the day of the procedure also experienced higher procedural pain.
In the model examining all procedures together, pain intensity was less when the procedure was performed by a nurse than when it was performed by a physician, respiratory therapist, or physiotherapist when considering all procedures together. However, the effect of the person performing the procedure became nonsignificant when examining each procedure separately. The suggestion that procedural pain can be influenced by the person performing the procedure is intriguing and deserves consideration in future studies of procedural pain.
The prospective design and rigorous standardization of data collection are strong points of our study. However, several limitations must be acknowledged. First, neither the countries nor the ICUs were selected at random. However, the number of ORIGINAL ARTICLE participating countries and ICUs was larger than in any previous study of procedural pain. Second, patients were enrolled on the basis of convenience, and the 10% mortality rate suggests enrollment bias toward patients having less severe acute illnesses. Nevertheless, our sample represented a large proportion of patients undergoing ICU procedures, suggesting substantial generalizability of our findings. Third, the number of study patients varied considerably across countries. Fourth, pain intensity may have been underestimated because of patient sedation. However, the median Richmond Agitation Sedation Score was 1.07 (1.02-1.12). Fifth, delirium, an exclusion criterion, may have been present and undiagnosed in some patients. Finally, psychological aspects of procedural pain and the importance of attending to nonpharmacologic measures that might ameliorate the distress were not addressed in this report but will be addressed in a separate report. Our study shows that ICU patients throughout the world often experience a twofold increase in pain from baseline during procedures. Importantly, patients with higher pain intensity before a procedure and those given opioids for the procedure were at greater risk for increased procedural pain. Efforts to minimize procedural pain should include routine assessments of pain, because preprocedural pain intensity affected the risk of increased procedural pain. Patients receiving opioid infusions may still need additional preemptive analgesia before a procedure. Preventing or reducing procedural pain rather than waiting for patients to experience it is a superior, proactive approach to patient care (16) . Dedicated pain assessment instruments, procedural pain-control protocols, and educational programs are effective for minimizing procedural pain (21) and should be used more widely in ICUs.
Conclusions
Procedural pain in ICUs is extremely common. CTR, wound drain removal, and arterial line insertion are the most painful procedures. These three procedures and several others can result in a twofold increase in pain intensity from baseline. Yet, no procedure under study was associated with severe pain, suggesting that analgesic practices for procedural pain are improving. Nevertheless, identifying short-and longterm adverse consequences of procedural pain and determining the effectiveness of specific analgesic interventions in minimizing procedural pain, especially patients at highest risk, deserve research investigation. n Author disclosures are available with the text of this article at www.atsjournals.org.
